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Abst rac t  

t + + 
The concen t r a t ions  o f  H , He and 0 werd determined as a 

func t ion  of a l t i t u d e  by means of a magnetic mass spec t romete r  

flown on an Argo D - 4  r o c k e t  a t  l o c a l  midnight on January 1 7 ,  1964, 

from Wallops I s l a n d ,  V i rg in i a .  

p r i m a r i l y  of  0 

a t  430 km. H e  never  becomes t h e  predominant s p e c i e s ,  i t s  

maximum d e n s i t y  being 5 x 1 0  / c m  . 
from s c a l e  h e i g h t s  o f  t h e  var ious  c o n s t i t u e n t s  i s  700° - 100OK. 

The n e u t r a l  hydrogen d e n s i t y  a t  350 km i s  c a l c u l a t e d ,  assuming 

chemical equ i l ib r ium between H and 0 , t o  be 5 x 10  / c m  . 

The lower ionosphere c o n s i s t s  

+ + 
wi th  a t r a n s i t i o n  t o  H as t h e  predominant i o n  

+ 
3 3  The tempera ture  c a l c u l a t e d  

+ 

+ + 6 3  



INTRODUCTION 

A measurement of t h e  composition of  the  t o p s i d e  ionosphere 

i n  t h e  mass raiige 1 t o  32 AMU was ob ta ined  by t h e  use o f  a 

magnetic mass spec t rometer  flown on an Argo D-4 rocke t  (NASA 

8.32 DA), launched from Wallops I s l a n d ,  V i r g i n i a ,  a t  0 0 0 1  EST 

( 0 5 0 1  GMT) on 1 7  January 1 9 6 4 .  The r o c k e t ,  c a r r y i n g  a 1 2 5  l b .  

payload reached  an a l t i t u d e  of  926 km. R e s u l t s  showing t h e  

p o s i t i v e  ion  d i s t r i b u t i o n s  i n  t h e  n igh t t ime  ionosphere a r e  

r e p o r t e d  he re .  

APPARATUS 

The mass spec t rometer  was a 1-1 /2"  r a d i u s  s e c t o r - f i e l d  s i n g l e  

focus ing  magnetic ins t rument  ope ra t ed  wi th  a permanent magnet of 

2200 gauss and a swept i on  a c c e l e r a t i n g  vo l t age .  The e n t r a n c e  

a p e r t u r e ,  which was mounted so i t s  normal was t r a n s v e r s e  t o  t h e  

rocke t  s p i n  a x i s ,  was a t  -8 v o l t s .  No ion  source  w a s  employed in 

t h e  ins t rument  s i n c e  it w a s  designed t o  measure t h e  r e l a t i v e  abundances 

of  t h e  p o s i t i v e  i o n s  formed i n  t h e  upper atmosphere by n a t u r a l  

p rocesses .  Ambient i o n s  from t h e  ionosphere e n t e r e d  t h e  mass s p e c t r o -  

meter en t r ance  a p e r t u r e ,  then were a c c e l e r a t e d  t o  t h e  magnetic 

a n a l y z e r  and passed  i n t o  a magnetic s t r i p - t y p e  e l e c t r o n  m u l t i p l i e r  

which had a c u r r e n t  ga in  o f t h e  o r d e r  of 2 x 1 0  . 
e l e c t r o m e t e r  a m p l i f i e r  measured t h e  ou tpu t  c u r r e n t  from t h e  m u l t i p l i e r .  

4 
A mul t i - range  

Surrounding t h e  en t r ance  a p e r t u r e  of t h e  spec t romete r  w a s  an annu la r  

p l a t e  which se rved  as a n  ion t r a p  t o  measure t h e  t o t a l  p o s i t i v e  ion  

d e n s i t y  p r o f i l e .  
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RESULTS 

Data from the  ion  t r a p  were ob ta ined  from nose cone e j e c t i o n ,  

approximately 200 km, t o  peak of f l i g h t ,  926 k m ,  and down t o  150 

km on t h e  descen t .  When p l o t t e d  as a func t ion  of a l t i t u d e ,  t h e  ion 

c u r r e n t  c o l l e c t e d  by t h e  t r a p  e x h i b i t s  a maximum a t  t h e  same a l t i t u d e  

as t h e  F maximum, which w a s  determined by t h e  Wallops I s l a n d  

ionosonde (Lohr 1964). This maximum of t h e  ion  c u r r e n t  p r o f i l e  

2 

was equated t o  t h e  F maximum ion  d e n s i t y .  2 

c u r r e n t  and ion  d e n s i t y  a r e  l i n e a r l y  r e l a t e d  and independent of 

Assuming t h a t  t h e  ion  

r o c k e t  v e l o c i t y  and ion  spec ie s  ( t h e r e  was a -8 v o l t  draw-in 

p o t e n t i a l ) ,  t h e n ,  t h e  ion  c u r r e n t  p r o f i l e  is an ion  dens i ty  p r o f i l e  

normalized a t  t h e  F maximum. The ion  d e n s i t y  p r o f i l e s  so  obta ined  

a r e  shown as curves  n .  i n  Figure 1. Di rec t ion  of t h e  arrows 

i n d i c a t e s  a s c e n t  or descent  o f  t n e  r o c k e t .  The s t e e p  decrease  above 

2 

1 

t h e  F 

500 km should  be noted .  The descent  curve has  rougi-iiy t h e  s m 2  

shape as t h e  a s c e n t ,  bu t  t h e  d e n s i t y  does n o t  i n c r e a s e  as r a p i d l y  

maximum and t h e  sharp  break i n  t h e  curve a t  approximately 2 

with decreas ing  a l t i t u d e  from t h e  peak o f  f l i g h t .  

i s  more than  a f a c t o r  of  two below t h e  a s c e n t  d e n s i t y  maximum a l though 

Also, t h e  maximum 

it occurs  a t  t h e  same a l t i t u d e .  

Mass s p e c t r a  were obtained from t h e  t i m e  o f  high vo l t age  t u r n  

on ( 1 0  sec. a f t e r  nose cone e j e c t i o n )  or 240 km, t o  approximately 

200 km on t h e  descent .  

l ( H t ) ,  4(Hef),  14(Nt) and 16(0 ). 

Peaks appeared i n  t h e  s p e c t r a  a t  mass numbers 

+ 
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The r a w  d a t a  e x h i b i t  a modulation o f  t h e  ion  peak amplitude 

as  a func t ion  of r o l l  p o s i t i o n  o f  t h e  r o c k e t .  The r o c k e t  i s  moving 

wi th  a v e l o c i t y  almost equa l  t o  t h e  the rma l  v e l o c i t y  o f  t h e  l i g h t  

mass i o n s  and gr.Aciter t han  t h e  v e l o c i t y  of  t h e  heavy mass i o n s .  

Therefore ,  t h e  IIII i d a t i o n  observed r e s G l t s  frxom enhancement of  ion  

c u r r e n t  c o l l e c t e ~ . i  liy t h e  mass spec t romete r  i n  t h e  ram p o s i t i o n  (when 

t h e  e n t r a n c e  a p e r t u r e  normal is  a l i g n e d  wi th  t h e  rocke t  v e l o c i t y  

v e c t o r )  and a d e p l e t i o n  o f  ions  c o l l e c t e d  i n  t h e  wake p o s i t i o n .  The 

amplitude o f  t h e  roll modulation i s  s t r o n g l y  mass dependent ( i o n  

v e l o c i t y  dependent ) ,  it being about  1 . 5  f o r  hydrogen, 3.5 f o r  helium 

and g r e a t e r  than  1 0 0  f o r  oxygen. A s  a r e s u l t ,  oxygen and n i t r o g e n  

peaks  appeared i n  only  a few s p e c t r i  taken dur ing  t h e  lower p o r t i o n  

of  f l i g h t  (when t h e  mass spec t rometer  w a s  n e a r l y  i n  t h e  ram p o s i t i o n ) .  

Nitrogen w a s  p re sen t  t o  only about  10% o f  t h e  oxygen. The oxygen i o n s  

have ar! energy of  t h e  o r d e r  o f  a v o l t  wi th  r e s p e c t  t o  t h e  r o c k e t  

due t o  t h e  rocke t  v e l o c i t y .  The acceptance  ang le  of t h e  mass s p e c t r o -  

meter f o r  i o n s  of t h i s  energy i s  q u i t e  narrow. The r e s u l t  i s  t h a t  

oxygen i o n s  (and n i t r o g e n )  a r e  h igh ly  d i s c r i m i n a t e d  a g a i n s t  a t  a l l  

ang le s  o f  a t tack except  nea r  t h e  ram c o n d i t i o n ,  i . e . ,  when t h e  

e n t r a n c e  a p e r t u r e  normal and v e l o c i t y  v e c t o r  are  p a r a l l e l .  

cond i t ion  is  g r e a t l y  reduced f o r  H and He and c o r r e c t i o n s  f o r  roll 

This  

+ + 

modulation were made f o r  t hese  i o n s .  

+ The H+ and He ion  da ta ,  a f t e r  be ing  c o r r e c t e d  for roll 

modulation and mass d i sc r imina t ion  o f  t h e  mass spec t rometer ,  are 

shown p l o t t e d  a g a i n s t  a l t i t u d e  i n  F igure  1. 

a s c e n t  or descent  p o r t i o n s  of t h e  f l i g h t .  S ince  H and He peaks are 

Again, t h e  arrows i n d i c a t e  

+ + 
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t h e  only  ones p r e s e n t  i n  t h e  spectra a t  t h e  peak o f  f l i g h t ,  t h e  sum 

of t h e s e  two ion c u r r e n t s  w a s  equated  t o  t h e  t o t a l  ion  d e n s i t y  a t  

t h e  peak of f l i g h t ,  t h u s  g iv ing  an  a b s o l u t e  c a l i b r a t i o n  t o  t h e  ion  

d e n s i t y  p r o f i l e s  of  H and He . I t  was found t h a t  t h e  sum of  t h e s e  + t 

i on  c u r r e n t  p r o f i l e s  agreed  very c l o s e l y  with th<-lt  of t h e  t o t a l  ion  

d e n s i t y  from t h e  peak o f  f l i g h t  t o  n e a r l y  500 km on both t h e  a s c e n t  

and descen t .  

Because of  t h e  roll modulation phenomenon, t h e r e  were t o o  f e w  

t peaks of 0 t o  p l o t  a good p r o f i l e  f o r  oxygen. Therefore ,  s i n c e  t h e  

H + ,  He and 0 

s p e c t r a ,  and s i n c e  above 550 km t h e  sum of  t h c  H and He d e n s i t y  

t t + 
(wi th  10% N 1 were t h e  only  peaks observed i n  t h e  

+ + 

p r o f i l e s  ag rees  with t h e  t o t a l  d e n s i t y  p r o f i l e ,  s u b t r a c t i o n  o f  t h e  

H and H e  d e n s i t i e s  from t h e  t o t a l  y i e l d s  a curve  of t h e  0 

dens i ty .  This  de r ived  0 p r o f i l e  i s  shown as t h e  0 curve  i n  F igure  1. 

The f e w  observed 0 peaks confirm t h a t  0 i s  t h e  predominant i o n  i n  

+ + + ( p l u s  N+> 
+ + 

+ + 

t h e  r e g i o n  o f  t h e  F 

t h e  de r ived  0 curve .  

+ 

maximum and a l s o  confirm t h e  g e n e r a l  shape o f  
2 

+ 

The H ion  d e n s i t y  inc reases  r a p i d l y  from 250 km and r eaches  a 

+ 
maximum at 450 km, about t h e  a l t i t u d e  o f  t h e  c ross -over  wi th  0 , t hen  

fa l l s  s lowly  t o  t h e  peak o f  f l i g h t .  He rises r a p i d l y  from 300 km + 

t o  a peak a t  450 km, then  decreases  t o  apogee bu t  never  becomes t h e  

predominant i o n  i n  t h e  ionosphere. The descent  curve f o r  helium 

does no t  e x h i b i t  a maximum, but i s  r a t h e r  f l a t  down t o  400 km; it 

then  drops of f  r a p i d l y .  This f l a t n e s s  c o n t r i b u t e s  t o  t h e  f l a t n e s s  

of  t h e  descending t o t a l  i o n  d e n s i t y  curve down t o  t h e  a l t i t u d e  where 
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+ + 0 i o n s  become predominant. The 0 curves  fol low t h e  t o t a l  d e n s i t y  

curves  up t o  an a l t i t u d e  of 430 km where H' becomes t h e  dominant 

t i o n .  Above t h i s  a l t i t u d e  t h e  0 d e n s i t y  decreases  a t  a g r e a t e r  

ra te  because t h e  0' i s  now a minor i o n .  

d i f f e r e n c e s  between t h e  up and downleg d i s t r i b u t i o n s  may be  due t o  

t h e  f ac t  t h a t  t h e  up and downleg t r a j e c t o r i e s  are s e p a r a t e d  by s e v e r a l  

hundred km and perhaps a d i f f e r e n t  ionosphere i s  be ing  sampled. 

Wallops I s l a n d  i s  approximately a t  38O N and 7 5 O  W ,  and t h e  launch 

azimuth was 93O. The h o r i z o n t a l  range o f  t h e  f l i g h t  was n e a r l y  

800 km. 

(Mange, 1960) .  The 

Figure 2 shows a mean ion mass curve p l o t t e d  from t h e  d a t a  o f  

t + t Figure 1 and assuming only H , H e  and 0 i o n s  t o  be p r e s e n t .  S ince  

it is  assumed t h a t  only 0 e x i s t s  a t  t h e  F maximum, 280 km, ( t h e  

molecular  i o n s ,  N O  and 0 being o f  n e g l i g i b l e  c o n c e n t r a t i o n  a t  

t h i s  a l t i t u d e )  t h e  curves s t a r t  a t  mass 1 6 .  A t  t h e  peak a l t i t u d e  

tile mean i o n  mass has  f a l l e n  t o  1 . 3 .  The r a p i d  decrease i n  mean 

i o n  mass i s  due t o  t h e  d i r e c t  c r o s s o v e r  of 0 t o  H , a t  430 km 

r a t h e r  than  t o  a He band f i rs t  and then  t o  H . 
D I  SCUSSI ON 

+ 
2 

t t 
2 

t t 

+ t 

Ions of both hydrogen and helium, a s  w e l l  as oxygen and n i t r o g e n  

were observed i n  t h e  mass s p e c t r a .  N i c o l e t  (1961) f irst  p o s t u l a t e d  

t h e  e x i s t e n c e  of helium as an impor tan t  c o n s t i t u e n t  o f  t h e  e a r t h ' s  

upper atmosphere. Hanson (1962) and Bourdeau e t  a l .  ( 1 9 6 2 )  i n f e r r e d  

t h e  e x i s t e n c e  of helium i o n s  from d a t a  obta ined  by means of  i on  t r a p  



experiments .  

i ons  us ing  a Bennett  radio-frequency mass spec t rometer  on an Argo 

D-4 r o c k e t .  

Taylor  (1963) made a d i r e c t  measurement of helium 

While helium ions  were observed i n  t h e  experiment being r e p o r t e d  

i n  t h e  p re sen t  paper ,  they  a r e  never  t h e  predominant i on .  

from heavy t o  l i g h t  i ons  goes d i r e c t l y  from 0 t o  H . 
d e n s i t y  of He i s  5 x 1 0  / c m  . 

The t r a n s i t i o n  

+ t The maximum 

+ 3 3  1 5 %  of t h e  t o t a l  dens i ty .  

+ A few mass s p e c t r a  exh ib i t ed  N peaks which have an abundance 

There are not  
t of  approximately 10% of  t h e  0 

enough d a t a  t o  t r e a t  N s e p a r a t e l y .  Therefore ,  t h e  N d a t a  are  

combined with t h e  0 d a t a  i n  t h e  der ived  0 curve as desc r ibed  above. 

n e a r  t h e  F2 maximum. 

+ + 

+ + 

If chemical equ i l ib r ium i s  assumed t o  e x i s t  below t h e  c ros sove r  

+ + + 
a l t i t u d e  between H and 0 , then H is both formed and l o s t  from 

t h e  ionosphere by t h e  r e a c t i o n  (Hanson and Ortenburger ,  1 9 6 1 ) .  

+ +  
H + t O + - O  + H  

+ 
The chemical equ i l ib r ium d i s t r i b u t i o n  f o r  H i s  given by 

where 9 / 8  r e p r e s e n t s  t h e  r a t i o  of t h e  product  of  s ta t i s t ica l  weights  

f o r  t h e  two processes  of r e a c t i o n  (1). 

c o n s t i t u e n t s  H and 0 t o  be d i s t r i b u t e d  exponen t i a l ly  i n  t h e  r eg ion  

where 0 

Assuming t h e  atmospheric  

+ is  t h e  predominant i on  (below 430 km), equat ion  ( 2 )  l e a d s  t o  



4 L  where A i s  a c o n s t a n t ,  H(7) is t h e  scale he i r l ,  ' 1 ,n e f f e c t i v e  - 

mass o f  7 AMIJ m d  Z is t h e  reduced a l t i t i i d e  ( 1 1  ( ,  1962). T t , i s  

t means t h a t  H i n  chemical equi l ibr ium i s  i n c r t a ,  T ,. N L ; ! I  a l t i t u d e  

i n  agreement wi th  t h e  d a t a  of F igure  1. The- : , - iture obt-aintid 

from t h e  scale h e i g h t  of  t h e  lower p o r t i o n  ot i , I i  a scent  curve ,  t 

between 300 and 350 km, assuming a n  i so thermal  atmos!.here and 

us ing  an e f f e c t i v e  mass of  7 AMU, i s  400 - 20(1 ' '  I .  
+ 

Helium ic,ns are  produced by p h o t o i o n i z a t i  07. ; neu! 1-a L l iel i im 

and l o s t  by charge t r a n s f e r  r e a c t i o n s  wi th  iao C ~ L J  L,,r 3triiosplieril 

c o n s t i t u e n t  5. The most important loss procL. ~ ' rl : 1- l ? l - ,  5 ) . 

t t 
H e  t N, -+ He t N + h (4) 

L 

A sirniLr r e a c t i m  involving 0 is probably r €  L: ,' ~ n r ? o r i i i i c ~  2 

s i n c e  n(i1 1 ;> n(0  ) and t h e  ra te  coeff ic ier l t ; ,  I ,  , f o r  bott i h e  2 2 
-9 3 -1 

N and 0 r e a c t i o n s  are equal  and have a va lue  c / i  113 c m  cec 

(Fe rgusm e t .  a l . ,  1964)  as measured i n  t h e  111 - 1  tor:r. 

2 2 

+ 
The chemical equi l ibr ium d i s t r i b u t i o n  for He i s  the1 e j  x e  

given by 

I n(He) He n(He + k4  n(N2) (5) 

-8 -1 
where I = 3 x 1 0  sec is t h e  ion iza t io r i  i><jt? L C  c f L ~ i t n t  f o r  

H e .  I t  fol lows t h a t  

H e  
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The d a t a  from t h i s  experiment were obta ined  a t  n i g h t  where no 

photo ioniza t ion  t a k e s  p l a c e .  Only t h e  l o s s  mechanism i s  o p e r a t i v e .  

Thus, it is  no t  meaningful t o  c a l c u l a t e  a va lue  o f  k o r  a scale  

h e i g h t  temperature  based on Equation 5 .  

I n  t h e  case o f  d i f f u s i v e  e q u i l i b r i u m ,  above t h e  t r a n s i t i o n  t o  

t h e  predominantly H ionosphere,  t h e  equi l ibr ium d i s t r i b u t i o n s  are 

given by (Mange, 1960) 

+ 

d ( I n  n i l  

dz . 1 m 
t 1 - -  2 m .  
1 

-1 

where m i s  t h e  mean i o n i c  mass and H = - k T  + i mig i s  t h e  scale h e i g h t  of  

t h e  corresponding n e u t r a l  s p e c i e s .  It  i s  assumed t h a t  ri = T . A t  i e 
t 

900 km, m = 1 . 3  ( F i g u r e  2 ) .  The scale h e i g h t  f o r  H (ascending 

curve)  i s  1600 -400 km (reduced a l t i t u d e . )  The corresponding temper- 

a t u r e  is 670° -400OK. F o r  helium a t  900 km, t h e  scale  h e i g h t  i s  1 8 2  

+ + 
-10 km and t h e  temperature  i s  700° -50OK. For oxygen, t h e  scale 

h e i g h t  i s  35 -5 km g i v i n g  a temperature  of 670° -100OK. The agreement 

+ 
t 

t 

t + 

between t h e s e  scale h e i g h t  temperatures  i s  f o r t u i t o u s .  The assumption 

has  been made h e r e  t h a t  we a r e  d e a l i n g  wi th  an i s o t h e r m a l  ionosphere,  

and t h a t  Ti = Te. 

midnight from 40°N southward, a wide low t rough e x i s t s  i n  T e .  

Brace e t .  a l .  (1966) have shown t h a t  a t  l o c a l  

A 700° 
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value  f o r  T .  i s  c o n s i s t e n t  with h i s  f i n d i n g s .  The l a r g e  u n c e r t a i n t y  

in t h e  hydrogen teiiiperature a r i s e s  f F = m  twc!  sources :  

o f  t h e  H d i s t r i b u t i o n  i s  very s t e e p  t h u s  i n t r o d u c i n g  a l a r g e  uncer- 

t a i n t y  i n  t h e  scale h e i g h t ;  ( b )  t h e  mean ion  mass i s  1 . 3  - 0 . 3  g i v i n g  

r i s e  t o  a l a r g e  u n c e r t a i n t y  in t h e  va lue  of 1 - 

due t o  t h e  u n c e r t a i n t y  i n  m . 

1 

!a) t h e  s l o p e  

+ 

t 

m / 2 m  f o r  m = 1 + i  i 
+ The l a t t e r  error i s  g r e a t l y  reduced foi- 

m .  = 4 or 16. 
1 

t t  Figure 3 shows a p l o t  of t h e  a l t i t u d e  d i s t r i b u t i o n s  o f  H /He 

and Ht/O+. It  can be shown t h a t  f o r  t h e  case of d i f f u s i v e  e q u i l i b r i u m  

(Bauer , 1964) t h a t  

C i s  a c o n s t a n t  and - H ( 3 )  corresponds t o  a scale h e i g h t  for an 

effective m a s s  of  3 AMU. 

2 f o r  T = 7 0 0 O .  

temperature  and n o t  mean i o n  mass. 

o f  t h e  measured H / H e  

All of t h e s e  d a t a ,  t h e r e f o r e ,  i n d i c a t e  t h a t  a temperature  o f  700° 

+ - l o o o  w a s  c h a r a c t e r i s t i c  of t h e  upper ionosphere a t  t h e  time o f  t h i s  

f l i g h t .  

The dashed l i n e  - H ( 3 )  is a p l o t  o f  equat ion  

The s l o p e  of t h i s  curve is  a func t ion  only of  

Likewise,  t h e  s l o p e  of t h e  r a t i o  

d e n s i t i e s  i s  independent of  t h e  mean i o n  mass. + +  

Equation ( 2 )  may be used t o  o b t a i n  t h e  c o n c e n t r a t i o n  of  n e u t r a l  

hydrogen i n  t h e  r e g i o n  of chemical e q u i l i b r i u m .  

J a c c h i a  (1965) a t  700° for  the  oxygen c o n c e n t r a t i o n s  and t h e  n(H )/n(O 

va lues  from Figure 3, t h e  n e u t r a l  hydrogen d e n s i t y  a t  350 km is  

Using t h e  model of 

+ t 
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A- 6 3  5 2 x 10"/cm . Donahue (1965) g ives  a va iue ,  der ived  frorii 

photometr ic  obse rva t ions ,  of  2 x l o 5  a t  350 km for 7 0 0 O .  There 

is an  obvious incons i s t ency  between t h e s e  d a t a .  Joseph (1966) has 

c a l c u l a t e d  t h e  n(H )/n(O ) as a func t ion  o f  tempera ture ,  assuming t t 

t h i s  r a t i o  i s  only a func t ion  of tempera ture .  The measured 

t r a n s i t i o n  a l t i t u d e  of 430 km agrees  c l o s e l y  wi th  h i s  c a l c u l a t e d  

v a l u e  f o r  700O. 

C ONC LUS I ON 
t + + The c o n c e n t r a t i o n s  of H , He and 0 were determined as a 

f u n c t i o n  o f  a l t i t u d e  by a magnetic mass spec t romete r  Elown a t  

l o c a l  midnight on an Argo D-4 rocke t .  

a predominantly 0 ionosphere t o  one predominantly of H occurs 

The t r a n s i t i o n  between 

+ t 

a t  430 km. Helium is neve r  t h e  predominant i on  s p e c i e s ,  i t s  

maximum d e n s i t y  be ing  1 5 %  o f t h e  t o t a l  a t  450 km. The temperature 

c a l c u l a t e d  from t h e  s c a l e  he igh t s  of  t h e  va r ious  ion  c o n s t i t u e n t s  

i s  700O. 

assuming chemical equ i l ib r ium between H and 0 , t o  be 5 x 1 0  / c m  . 
The n e u t r a l  hydrogen concen t r a t ion  a t  350 km i s  c a l c u l a t e d ,  

t t 6 3  

Data from t h e  Arecibo Radar Backsca t t e r  S t a t i o n  are i n  

agreement wi th  those  r e p o r t e d  here .  

have observed H e  t o  be a minor c o n s t i t u e n t  a t  a l l  times (about  

20% o r  l e s s )  and t o  have a dens i ty  maximum a t  about 450 t o  500 km i n  

t h e  w i n t e r  n i g h t  (December, 1964).  

0 t o  H t r a n s i t i o n  occurs a t  about 500 km, t h e  ionosphere being 

95% 0' a t  375 km and 80% H 

Carlson and Gordon (1966) 

+ 

A t  l o c a l  w i n t e r  midnight t h e i r  

+ t 

+ a t  600 k m .  
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CAPTIONS FOR FIGURES 

+ + + 
Figure  1. Concent ra t ions  o f  H , He and 0 and t o t a l  i on  d e n s i t y  as  

a func t ion  of  a l t i t u d e .  D i rec t ion  o f  arrows i n d i c a t e s  up 

or downleg of f l i g h t .  F maximum on upleg was normalized 

t o  d e n s i t y  a t  t h a t  p o i n t  ob ta ined  by Wallops I s l a n d  ionosonde 

2 

a t  t i m e  o f  f l i g h t .  

F igure  2 .  Mean ion  mass as a func t ion  of a l t i t u d e  from d a t a  p l o t t e d  

i n  F igure  1. 

Figure  3. Ra t ios  o f  i o n  c o n s t i t u e n t s  as a f u n c t i o n  of a l t i t u d e .  

- H( 3) i s  a t h e o r e t i c a l  d i s t r i b d t i o n  of H / H e  a t  7 O O G .  
+ +  

See t e x t .  
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F i g u r e  2 .  Mean i o n  mass as a f u n c t i o n  of a l t i t u d e  from d a t a  
p l o t t e d  i n  F i g u r e  1. 
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